A patient with a cervical spinal cord injury recelVmg intrathecal baclofen for spasticity control underwent a 7 week course of hyperbaric oxygen therapy to induce healing of an ischial decubitus ulcer. After completion of this treatment and during a routine baclofen infusion pump refill, the actual pump reservoir volume exceeded computer measurements obtained with telemetry. Examination of the physiology of hyperbaric oxygen therapy in relation to infusion pump function revealed that the intraspinal pressures attained during hyperbaric oxygen therapy produced retrograde leakage of cerebrospinal fluid into the infusion pump reservoir.
Introduction
Hyperbaric oxygen (HBO) therapy is an established technology that may be utilized as the primary treatment for certain medical conditions such as carbon monoxide poison ing or decompression sickness, or as an adjunctive measure to resolve certain recal citrant wounds. SCI patients with decubitus ulcers may be eligible for HBO therapy if the etiology of the wound is reversible tissue hypoxia.1 The continuous infusion of intra thecal baclofen via implantable infusion pumps has gained worldwide acceptance as an important new treatment modality for spasticity associated with SCI. 2.3 Several types of infusion pumps exist, although those utilizing microprocessor-based tech nology represent the most sophisticated devices. We present the first reported use of HBO therapy for a decubitus ulcer in an SCI patient receiving intrathecal baclofen therapy for spasticity control. This report highlights the physical changes associated with HBO therapy and their impact on infusion pump function.
Case report
A 22 year old male sustained a C4-5 fracture dislocation during a motor vehicle accident re sulting in C5 Frankel B quadriplegia. Following the SCI, the patient experienced severe spast icity which was refractory to oral medications, including baclofen, clonidine and dantrolene. Additionally, sedation and impairment of cogni tion were significant side effects interfering with the patient's scholastic and academic perform ance. Skin breakdown occurred frequently as a result of excessive skin trauma and difficulties with positioning. Subsequently, four years after the initial SCI, the patient underwent a success ful temporary trial of intrathecal baclofen (Lioresal® Intrathecal, Medtronic, Inc) infusion followed by infusion pump implantation (Med tronic Synchromed® Model 8611H) for long term treatment. Initial dosage of baclofen was 150 mcg/day gradually increasing over the en suing 8 months to 600 mcg/day to maintain optimal spasticity contro!. The patient stabilized at this dose requiring a pump refill every 8 weeks. During pump refills, 18 ml of baclofen 2000 mcg/ml was injected percutaneously into the pump reservoir. No problems occurred with the infusion pump during this period. Accurate delivery of 0. 3 ml/day baclofen solution intra thecally was verified by correlating the residual reservoir volume at each pump refill with com puter measurements obtained with telemetry.
Ten months following pump implantation, the patient developed a large full thickness ischial decubitus ulcer measuring 7 cm in dia meter and 6 cm in depth with exposure of the sacrum. A trial of HBO therapy was imple mented as an adjunct to definitive surgical management with hopes of minimizing the need for extensive tissue coverage and improving flap viability. This was conducted over a 7 week period during which 35 treatments were admin istered. During each treatment, the patient was pressurized from one to two absolute atmos pheres (ATA) over 15 minutes, maintained for 1 h at 2 AT A and then depressurized over 15 min to ambient pressure while breathing 100% oxygen throughout the three phases. Some wound healing was noted on completion of this treatment course although surgical closure of the wound with a musculocutaneous flap was still indicated.
The patient received a pump refill prior to initiating HBO therapy and was scheduled for another refill on completion of the course of treatment. However, during this latter refill the residual volume aspirated from the reservoir was 16.5 ml, compared to computer estimations of less than 2 m!. No obvious reason for this discrepancy was apparent, since the patient's spasticity remained under customary control during the preceding 8 weeks. Over the next several months, no further discrepancies were detected between actual measurements and computer estimates of residual reservoir volume. The patient underwent reconstructive plastic surgery and made an uneventful re covery.
Discussion
The infusion pump described above requires an 18 ml reservoir (Fig 1) refill every 4-12 weeks depending on the flow rate character istics of the invidivual pump settings. The actual residual volume may be accurately determined by percutaneously aspirating measurement of residual volume is also provided during telemetry, since a pro grammable microprocessor controls flow patterns within the pump. These two measures of residual reservoir volume usually correlate quite closely and verify accurate pump function. The actual pump mechanism consists of internal tubing to which a roller pump is applied (Fig 2) . A stepper motor powers the roller pump to move fluid along the tubing by positive displacement, similar to peristalsis. During
Roller driven by gear train stepper motor fluid from the pump reservoir. A computer Figure 2 Roller pump mechanism pump refills, an intrareservoir pressure of 200 mmHg is produced, gradually decreas ing over the following weeks as the reservoir empties (Appendix 1). Care must be taken not to overfill or overpressurize the reser voir. If intrareservoir pressures exceed 400 mmHg, solution may leak past the roller pumps into the catheter attached to the pump and ultimately into the intrathecal space (Appendix 1). The reverse may occur if pressures external to the pump are high enough to promote leakage of fluid back into the reservoir. The Model 8611H pump does not have a valve mechanism to prevent retrograde flow, although the Model 8615 pump with an attached access side-port (used primarily for intraarterial infusion of chemotherapeutic agents, or for diagnostic purposes) incorporates a valve mechanism that prevents retrograde flow at pressures below 465 mmHg.4 The large discrepancy between actual and computer measure ments of reservoir volume suggested that pump malfunction occurred during the course of HBO therapy. Brown et al,5 studied minute to minute changes in intracranial (ICP) pressure or cerebrospinal fluid (CSF) pressure during HBO therapy, showing a 41 % decrease in ICP during the 15 min pressurization from 1 to 2 ATA at 100% oxygen, followed by a return to baseline ICP during the 1 h at 2 AT A and a 23% increase over baseline ICP during the depressurization phase from 2 to 1 ATA. The ICP returned to pre-HBO level 15 min following completion of HBO therapy. However, the increase in CSF pressure observed by Brown et a[5 would be insufficient to interfere with infusion pump function.
Theoretically, in a hyperbaric chamber pressurized to 2 AT A, the pressure within the infusion pump remains constant since the pump has a solid titanium shell. In contrast, the body equilibrates with chamber pressure so that CSF pressure will increase to 2 ATA plus 5-15 mmHg, i.e. approximately 1,530 mmHg, which signfi cantly exceeds intrareservoir pressure. In turn, the delivery of drug from the intra thecal catheter is impeded and retrograde leakage of CSF from the subarachnoid space into the reservoir occurs (Appendix 1). Bench testing has further revealed that the catheter connected to the pump does not collapse when exposed to 3 AT A pressure which excludes the possibility of excessive pressure actually occluding the catheter material itself (Appendix 2).
In the above patient, as HBO treatments were conducted, less baclofen infused intra thecally and the concentration of baclofen within the reservoir was progressively diluted by retrograde leakage of CSF past the roller pump. These two factors should have produced a significant return of spasti city, but were counteracted by HBO induced suppression of spasticity, a pheno menon described in several reports. ,7 In a patient receiving intrathecal morphine for intractable pain via a similar implanted pump, Baker8 reported that pain increased significantly during HBO therapy which supports our observation.
'Hyperbaric chamber pressures are 760-1,000 mmHg above standard atmospheric pressure, or 1,520 mmHg in absolute pressure. The pressure in the SynchroMed pump reservoir is approxi mately 200 mmHg above normal atmospheric pressure, or 960 mmHg in absolute pressure. Each pump is tested to ensure that it will not leak at twice the reservoir pressure, 400 mmHg above atmospheric pressure or 1,160 mmHg ab solute pressure.
In a hyperbaric chamber, the pressure out side the pump, and in the body, increases to 1,520 mmHg absolute pressure. Pressure in the spinal cord is slightly higher, but less than 2 mmHg; that is not significant and will be ignored. However, the pump is enclosed in a rigid container. The absolute reservoir pressure is not affected by external pressure, and will remain at 960 mmHg. The SynchroMed pump is not able to move fluid against a pressure that is 560 mmHg above its reservoir pressure, so all output flow will cease. '
Appendix 2
Letter from Medtronic Neurological dated August 20, 1992 (KH-004-93-LTR) 'I have also run a quick test to determine if the 8703 Catheter could collapse under an external pressure of two atmospheres. The test appar atus that we used could only generate about three atmospheres of pressure above normal room pressure. The catheter tubing did not collapse at that pressure. We were not able to determine at what pressure the tubing would collapse, but it is apparently well above the pressure in a hyperbaric chamber.
1 believe that in a hyperbaric chamber, the body will essentially equilibrate with the chamber pressure, i.e. CSF pressure will be two atmospheres above normal room pressure plus 10-20 mm of water. The CSF pressure would then be well above the pump reservoir press ure, and high enough to stop any flow from the pump. '
